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Abstract
There has been a growing interest in the relationship between sedative-hypnotics use and
the risk of Alzheimer’s dementia (AD) risk. This study aimed to evaluate the risk of AD asso-
ciated with the use of sedative-hypnotics. A retrospective cohort study was conducted with
randomly selected 5% samples from50 years old beneficiaries of National Health Insur-
ance Service (NHIS) of Korea from January 2002 to December 2015. The exposure to seda-
tive-hypnotics was defined when prescribed over 30 defined daily dose (DDD) after January
2004 and it was categorized by prescribed dosage, types and half-lives of benzodiazepines.
Time-dependent Cox regression model with a lag period of 5-years was used to evaluate
the association between use of sedative-hypnotics and the risk of subsequent AD. Sensitiv-
ity analysis was performed for restricting sedative-hypnotics only when prescribed with
insomnia. A total of 268,170 subjects were identified and subjects exposed to sedative-hyp-
notics showed a higher risk of AD (HR: 1.79; 95% CI: 1.72–1.86) than those who were not.
There was an increased risk of AD among subjects exposed to benzodiazepines or zolpi-
dem (HR: 1.75; 95% CI: 1.67–1.82) and antidepressants or low-dose antipsychotics (HR:
1.63; 95% CI: 1.42–1.87). The risk of AD was increased regardless of dose of sedative-hyp-
notics and half-life among benzodiazepines, especially in exposure to more than 360 DDD
of sedative-hypnotics (HR: 1.78; 95% CI: 1.60–1.99) and the long-acting benzodiazepine
(HR:1.77; 95% CI: 1.65–1.89).
Introduction
Hypnotics are widely prescribed for controlling insomnia. There has been an emerging issue
about the health outcomes of hypnotics use because of the high prescription rate not only in
Korea but also worldwide, especially among elderly people [1–3]. Among the issues related to
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the risks and safety of hypnotics [4–7], dementia has been of interest because of the side effect
of hypnotics having sedative potent such as benzodiazepines (BZDs) [8, 9].
Dementia is becoming an issue for public health because the number of dementia patients
is growing rapidly worldwide in ageing societies [10, 11]. There were approximately 47 million
dementia patients in 2016, and there are expected to be 131 million worldwide in 2050 [11]. In
Korea, the prevalence of dementia over 65 years old was reported to be 9.2%, and this rate was
higher than in Western and other Asian countries [12]. Furthermore, the burden of disease
due to dementia was 528 disability-adjusted life years (DALYs) per 100,000 in 2008 in Korea,
which is expected triple by 2050 [13, 14].
There have been observational studies reporting the association between hypnotics use and
the risk of dementia [15–26]. Although some studies have reported that there is an increased
risk of dementia with hypnotics use [18–26], others have reported that there is no association
[15–17]. A meta-analysis conducted in 2015 reported that long-term use of BZDs increased
the risk of dementia [27]. However, they commented that there might be the limitation of pos-
sible reverse causation, and a study with a longer follow-up period is needed.
Korea has the National Health Insurance Service (NHIS), which is a single medical insur-
ance claim system. NHIS, which covers over 97% of the Korean population, collects individu-
als’ demographic factors as well as all medical claim data such as disease diagnosis and drug
prescriptions from every resident in Korea.
In this study, we hypothesized that brain hypoactivity or cognitive impairment caused by
sedative effect of hypnotics could precipitate the development of dementia. However, patho-
physiology of dementia differed by type and vascular or anatomical effect of sedative hypnotics
on brain was less likely, so we would focus on the risk of Alzheimer’s dementia. Therefore, we
investigated the association between sedative-hypnotic use and the risk of Alzheimer’s demen-
tia using the NHIS database representative of the Korean population.
Methods
Data source, study population
This study was approved by the Institutional Review Board of Seoul National University Hos-
pital (H-1508-031-694). We designed a retrospective cohort study with the NHIS data from
January 2002 to December 2015, which comprised a randomly selected sample of 5% of NHIS
beneficiaries over 50 years old. People who died, were lost to follow-up, diagnosed with any
type of dementia, or had prescribed any sedative-hypnotics before January 2004 were
excluded. The patients excluded by diagnosis of dementia were defined using the International
Classification of Disease 10th Revision (ICD-10), which included Alzheimer’s dementia [F00,
G30], vascular dementia [F01], and other types of dementia [F02, F03, G31, G32].
Exposure definition
The sedative-hypnotics used in this study included BZDs and zolpidem. In addition, antide-
pressants and low-dose formulation antipsychotics as off-label prescribed hypnotic drugs in
Korea were also included. These drugs have sedative potent and widely prescribed for insom-
nia in Korea. These study drugs are listed on S1 Appendix.
We tracked the prescription of these sedative-hypnotics from January 2004 and determined
the accumulated dosage. The dosage of sedative-hypnotics was standardized by defined daily
dose (DDD), which is a statistical measure of drug consumption suggested by the World
Health Organization (WHO) [28]. We classified the subjects as exposed after the time when
cumulative dosage of sedative-hypnotics exceeded 30 DDD, which is the assumed average
maintenance dose for 30 days used for its main indication in adults. In addition, to consider
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the possible reverse causality of Alzheimer’s dementia [29–31], a 5-year of lag period was
applied after the date of exposure. Thus, as described in Fig 1, the subject was followed-up as
non-exposed until 5 years after being prescribed more than 30 DDD of sedative-hypnotics and
then considered as exposed thereafter.
We also classified the exposures by prescribed dosage, types, and half-lives among BZDs.
We categorized the prescribed dosage of sedative-hypnotics into three groups, which were 30
to 179 DDD, 180 to 359 DDD, and over 360 DDD. In addition, we classified sedative-hypnot-
ics into two classes based on the mechanism—gamma-aminobutyric acid A (GABAA) receptor
agonists (BZDs and zolpidem) and other drugs (sedative antidepressants and sedative antipsy-
chotics). We calculated the accumulated dosage of each class of sedative-hypnotics separately
and considered subjects to be exposed when each prescribed dosage exceeded 30 DDD. If sub-
jects were exposed to both GABAA receptor agonists and other drugs, the subjects were catego-
rized as being exposed to both classes of sedative-hypnotics. Classification by half-life was
considered only among BZD drugs. We classified BZDs into short-acting BZDs (<3 hours),
intermediate-acting BZDs (3–20 hours), and long-acting BZDs (>20 hours) based on their
half-lives. If a patient was exposed more than two BZDs with different half-lives, he or she was
considered to be exposed to longer-acting BZDs. When analysing by BZDs’ half-life, patients
who were exposed to zolpidem, antidepressants, or low-dose antipsychotics were treated as
censored after the date of exposure.
Study endpoint
The study population was followed up until the diagnosis of Alzheimer’s dementia, loss of fol-
low-up, or 31 December 2015. The diagnosis of Alzheimer’s dementia was defined as the first
date of claim data with diagnostic code of F00 or G30 after January 2004.
Covariates
Known risk factors for Alzheimer’s dementia such as diabetes, hypertension, hyperlipidaemia,
and cerebrovascular disease were considered to be potential confounders [10, 32–34]. Further-
more, sedative-hypnotics are commonly prescribed for treatment of insomnia as well as psy-
chiatric disorders such as anxiety disorders, depression, and psychotic disorders [35]. In
addition, these psychiatric disorders are known for risk factors and prodromal symptoms of
Alzheimer’s dementia [29]. We extracted these potential confounders using ICD-10. Diabetes
mellitus [E10-E14], hypertension [I10], hyperlipidaemia [E78], and cerebrovascular disease
Fig 1. Description of follow-up of study population.
https://doi.org/10.1371/journal.pone.0204413.g001
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(CVD) [I60-I69] were included if the patient had at least two diagnoses on claim per year from
January 2002 to the endpoint. Anxiety disorders [F4x], depression [F32, F33], insomnia [F510,
G470], and psychotic disorders [F2x] were included if he or she had at least two diagnoses on
claim per year from January 2004 to the endpoint, because these diseases could be related to
sedative-hypnotics use. In NHIS, the insurance premium is determined by the income level of
individuals [36]. Therefore, we also extracted insurance premium information of the first year
of the study period and classified it into three groups based on their levels to reflect socioeco-
nomic status.
Statistical analysis
We compared the characteristics between the ever-exposed, who were prescribed over 30
DDD of sedative-hypnotics during the study period, and the non-exposed, who were not; we
used the Chi-square test for categorical values and the t-test for continuous values to compare
both groups. We set an exposure status as time-varying covariate, so that the variable might be
changed by their usage of sedative-hypnotics during the study period.
We used a time-dependent Cox regression model and counting process model to consider
time-dependent bias and to compute hazard ratio (HR) and 95% confidence interval (CI) [37–
39]. Because Alzheimer’s dementia is age dependent disease, age was chosen as the time scale
in the time-dependent Cox regression model [40]. We presented two adjusted models: the first
model was adjusted for sex, diabetes mellitus, hypertension, hyperlipidaemia, CVD, and medi-
cal insurance premium, and the second model was additionally adjusted for anxiety disorders,
depression, insomnia, and psychotic disorders. All statistical analyses were performed with
SAS 9.4 (SAS Institute Inc., Cary, NC).
Sensitivity analysis
We restricted the sedative-hypnotics only when prescribed with the diagnostic code of insom-
nia [F510, G470]. We also included the exposure to sedative-hypnotics without the diagnostic
code of insomnia into the model as a separate category. To compare the risk of Alzheimer’s
dementia between never users who prescribed none of any sedative-hypnotics and users who
prescribed at least one sedative-hypnotics, we categorized the prescribed dosage of sedative-
hypnotics into four groups, which were none, 1 to 29 DDD, 30 to 179 DDD, 180 to 359 DDD,
and over 360 DDD.
Insomnia could be a presenile appearance of Alzheimer’s dementia. Thus, we additionally
analyzed the association between sedative-hypnotics use and Alzheimer’s dementia among
subjects who had insomnia.
In these sensitivity analysis, insomnia was not adjusted in the Cox model.
Results
We identified 486,622 subjects, who were randomly selected 5% of a sample of Korean NHIS
beneficiaries aged 50 years and over, between January 2002 and December 2015. Of these, sub-
jects who died or lost follow-up, had diagnosed with any type of dementia, and had used of
any sedative-hypnotics between January 2002 and December 2003 were excluded. In addition,
subjects who had invalid data were excluded. Finally, a total of 268,170 subjects remained for
the analyses. Of these, the mean follow-up time was 10.97 years, and 27,925 patients developed
Alzheimer’s dementia during the study period (Fig 2).
Characteristics of the study population between non-exposed and ever-exposed to sedative-
hypnotics are shown in Table 1. The ever-exposed to sedative-hypnotics group was more likely
to be female and have comorbidities such as diabetes mellitus, hypertension, hyperlipidaemia,
Hypnotics and Alzheimer’s dementia
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Fig 2. Selection of subjects included in the study.
https://doi.org/10.1371/journal.pone.0204413.g002
Table 1. Characteristics of study population between sedative-hypnotics exposure and non-exposure.
Total
N = 268,170
Non-exposed
N = 233,581
Ever-exposed
N = 34,589
p-value
Age† (mean (SD)) 61.12 (9.12) 61.15 (9.32) 60.93 (7.64) <0.01
Sex
Male 146,663 (54.69) 131,515 (56.30) 15,148 (43.79) <0.01
Female 121,507 (45.31) 102,066 (43.70) 19,441 (56.21)
Insurance premium
Low 96,159 (35.86) 81,661 (34.96) 14,498 (41.92) <0.01
Middle 87,446 (32.61) 77,229 (33.06) 10,217 (29.54)
High 84,565 (31.53) 74,691 (31.98) 9,874 (28.55)
Comorbidities
Diabetes mellitus 52,715 (19.66) 43,503 (18.62) 9,212 (26.63) <0.01
Hypertension 122,410 (45.65) 101,024 (43.25) 21,386 (61.83) <0.01
Hyperlipidemia 56,049 (20.90) 43,812 (18.76) 12,237 (35.38) <0.01
Cerebrovascular disease 22,352 (8.34) 17,414 (7.46) 4,938 (14.28) <0.01
Insomnia 7,862 (2.93) 3,942 (1.69) 3,920 (11.33) <0.01
Anxiety disorders 16,988 (6.33) 8,151 (3.49) 8,837 (25.55) <0.01
Depression 7,784 (2.90) 4,301 (1.84) 3,483 (10.07) <0.01
Psychotic disorders 1,647 (0.61) 1,413 (0.60) 234 (0.68) 0.11
p-value was calculated by Chi-square and t-tests comparing hypnotics exposure and non-exposure
†Age at study entry
https://doi.org/10.1371/journal.pone.0204413.t001
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CVD, insomnia, anxiety disorders, and depression. The ever-exposed group was more likely to
have lower income level than the non-exposed. The hazard ratios of these covariates were pre-
sented on S1 Table.
Table 2 shows the association between sedative-hypnotics use and the risk of Alzheimer’s
dementia. The risk of Alzheimer’s dementia was significantly higher in for those who were pre-
scribed over 30 DDD of any sedative-hypnotic (HR: 1.79, 95% CI: 1.72–1.86) than those who
were not exposed, after adjustment. Subjects exposed to over 360 DDD showed the greatest
elevated risk of Alzheimer’s dementia (HR: 1.78, 95% CI: 1.60–1.99), while the hazard of sub-
jects with 30 to 179 DDD exposure (HR: 1.64, 95% CI: 1.56–1.72) and 180 to 359 DDD expo-
sure (HR: 1.60, 95% CI: 1.44–1.78) also increased, although they did not show a typical dose-
response relationship. When considering the type of drug, we found that GABAA receptor
agonist exposure was related to a higher risk of Alzheimer’s dementia (HR: 1.75, 95% CI: 1.67–
1.82) than exposure to other types including antidepressants or antipsychotics (HR:1.63, 95%
CI: 1.42–1.87), but exposure to both classes showed the highest risk (HR: 2.02, 95% CI: 1.77–
2.30) compared to non-exposure. When classifying by BZD half-life, we found that BZD expo-
sure was significantly associated with Alzheimer’s dementia regardless of half-life. The HR of
Table 2. Hazard ratios of use of sedative-hypnotics on Alzheimer’s dementia by time-dependent Cox regression model classified by dose, types and half-lives
among benzodiazepines.
Person-years Number of
events
Crude HR 95% CI Adjusted HR 95% CI Adjusted
HR†
95% CI
<30 DDD of any sedative-hypnotics 2,839,761 24,590 1.00 Reference 1.00 Reference 1.00 Reference
30 DDD of any sedative-hypnotics 102,327 3,335 1.92 (1.84–
1.99)
1.89 (1.82–
1.96)
1.79 (1.72–
1.86)
<30 DDD of any sedative-hypnotics 2,839,761 24,590 1.00 Reference 1.00 Reference 1.00 Reference
30–179 DDD of any sedative-hypnotics 80,439 2,371 1.69 (1.61–
1.77)
1.69 (1.61–
1.77)
1.64 (1.56–
1.72)
180–359 DDD of any sedative-hypnotics 12,575 526 1.78 (1.60–
1.97)
1.71 (1.54–
1.90)
1.60 (1.44–
1.78)
360 DDD of any sedative-hypnotics 9,312 438 2.15 (1.93–
2.39)
2.02 (1.82–
2.25)
1.78 (1.60–
1.99)
<30 DDD of GABAA‡ and other drugs§ 2,842,491 24,668 1.00 Reference 1.00 Reference 1.00 Reference
30 DDD of GABAA 85,611 2,727 1.83 (1.75–
1.91)
1.82 (1.74–
1.89)
1.75 (1.67–
1.82)
30 DDD of other drugs 8,116 242 1.83 (1.60–
2.10)
1.74 (1.52–
2.00)
1.63 (1.42–
1.87)
30 DDD of GABAA and30 DDD of other
drugs
5,870 288 2.61 (2.29–
2.97)
2.45 (2.15–
2.78)
2.02 (1.77–
2.30)
<30 DDD of benzodiazepines 2,852,245 24,935 1.00 Reference 1.00 Reference 1.00 Reference
30 DDD of short-acting benzodiazepines 11,608 314 1.53 (1.36–
1.73)
1.56 (1.38–
1.76)
1.53 (1.35–
1.73)
30 DDD of intermediate-acting
benzodiazepines
23,211 716 1.74 (1.60–
1.89)
1.71 (1.57–
1.86)
1.62 (1.49–
1.76)
30 DDD of long-acting benzodiazepines 30,293 1,035 1.85 (1.73–
1.98)
1.82 (1.70–
1.95)
1.77 (1.65–
1.89)
Defined daily dose; DDD
adjusted for sex, diabetes mellitus, hypertension, hyperlipidaemia, cerebrovascular disease, insurance premium
†adjusted for sex, diabetes mellitus, hypertension, hyperlipidaemia, cerebrovascular disease, insurance premium, anxiety, insomnia, depression, psychotic disorder
‡benzodiazepines or zolpidem
§antidepressants or low-dose antipsychotics
https://doi.org/10.1371/journal.pone.0204413.t002
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short-acting BZDs was 1.53 (95% CI: 1.35–1.73), intermediate-acting BZDs was 1.62 (95% CI:
1.49–1.76), and long-acting BZDs was 1.77 (95% CI: 1.65–1.89), after adjustment.
In sensitivity analysis (Table 3), the HRs showed similar trends as the main analysis. The
risk of Alzheimer’s dementia was significantly higher regardless of the classification of seda-
tive-hypnotics. Patients who were exposed to sedative-hypnotics without the diagnostic code
of insomnia showed a significantly higher risk of Alzheimer’s dementia (HR: 1.73, 95% CI:
1.66–1.81), and the risk was also high for exposure with insomnia (HR: 1.94, 95% CI: 1.77–
2.14). The risk of Alzheimer’ dementia was significantly elevated in GABAA receptor agonist
exposure (HR: 1.95, 95% CI: 1.77–2.15) and exposure to both classes (HR: 1.60, 95% CI: 1.05–
2.43), but not in other classes of exposure (HR: 1.42, 95% CI: 0.46–4.40). Subjects who were
Table 3. Hazard ratios of use of sedative-hypnotics prescribed in insomnia patients on Alzheimer’s dementia by time-dependent Cox regression model classified by
dose, types and half-lives among benzodiazepines.
Person-
years
Number of
events
Crude
HR
95% CI Adjusted
HR
95% CI Adjusted
HR†
95% CI
<30 DDD of any sedative-hypnotics 2,839,761 24,590 1.00 Reference 1.00 Reference 1.00 Reference
30 DDD of any sedative-hypnotics w/o insomnia 88,313 2,732 1.83 (1.75–
1.91)
1.81 (1.73–
1.89)
1.73 (1.66–
1.81)
30 DDD of any sedative-hypnotics w/ insomnia 14,013 603 2.16 (1.97–
2.36)
2.12 (1.94–
2.32)
1.94 (1.77–
2.14)
<30 DDD of any sedative-hypnotics 2,839,761 24,590 1.00 Reference 1.00 Reference 1.00 Reference
30 DDD of any sedative-hypnotics w/o insomnia 88,313 2,732 1.83 (1.75–
1.91)
1.81 (1.73–
1.89)
1.73 (1.66–
1.81)
30–179 DDD of any sedative-hypnotics w/
insomnia
10,802 447 2.00 (1.80–
2.23)
1.98 (1.78–
2.21)
1.84 (1.65–
2.05)
180–359 DDD of any sedative-hypnotics w/
insomnia
1,818 73 1.43 (1.08–
1.91)
1.39 (1.05–
1.86)
1.29 (0.97–
1.73)
360 DDD of any sedative-hypnotics w/ insomnia 1,393 83 2.55 (1.99–
3.28)
2.43 (1.89–
3.12)
2.10 (1.63–
2.72)
<30 DDD of GABAA‡ or other drugs§ 2,839,761 24,590 1.00 Reference 1.00 Reference 1.00 Reference
30 DDD of any sedative-hypnotics w/o insomnia 88,545 2,740 1.83 (1.76–
1.91)
1.81 (1.73–
1.89)
1.73 (1.66–
1.81)
30 DDD of GABAA w/ insomnia 13,025 561 2.13 (1.94–
2.34)
2.11 (1.92–
2.31)
1.95 (1.77–
2.15)
30 DDD of other drugs w/ insomnia 126 4 1.86 (0.60–
5.78)
1.63 (0.53–
5.05)
1.42 (0.46–
4.40)
30 DDD of GABAA and30 DDD of other
drugs w/ insomnia
630 30 2.27 (1.49–
3.44)
2.07 (1.37–
3.15)
1.60 (1.05–
2.43)
<30 DDD of benzodiazepines 2,839,761 24,590 1.00 Reference 1.00 Reference 1.00 Reference
30 DDD of any benzodiazepines w/o insomnia 73,157 2,197 1.75 (1.67–
1.84)
1.74 (1.66–
1.83)
1.69 (1.61–
1.77)
30 DDD of short-acting benzodiazepines 2,221 106 2.04 (1.64–
2.55)
2.05 (1.64–
2.56)
2.00 (1.60–
2.50)
30 DDD of intermediate-acting benzodiazepines 1,424 70 2.25 (1.72–
2.94)
2.18 (1.67–
2.86)
2.01 (1.53–
2.64)
30 DDD of long-acting benzodiazepines 794 37 2.06 (1.43–
2.97)
1.98 (1.37–
2.84)
1.82 (1.26–
2.62)
Defined daily dose; DDD
adjusted for sex, diabetes mellitus, hypertension, hyperlipidaemia, cerebrovascular disease, insurance premium
†adjusted for sex, diabetes mellitus, hypertension, hyperlipidaemia, cerebrovascular disease, insurance premium, anxiety, depression, psychotic disorder
‡benzodiazepines or zolpidem
§antidepressants or low-dose antipsychotics
https://doi.org/10.1371/journal.pone.0204413.t003
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exposed to sedative-hypnotics with diagnostic code of insomnia for over 360 DDD had the
highest risk of Alzheimer’s dementia (HR: 2.10, 95% CI: 1.63–2.72), which was similar to the
main analysis. Among BZD exposures, intermediate-acting BZDs showed the highest risk of
Alzheimer’s dementia (HR: 2.01, 95% CI: 1.53–2.64).
Among subjects who had insomnia diagnosis (n = 7,862), the association between use of
sedative-hypnotics and Alzheimer’s dementia was similar to that of the main analysis (S2
Table). Exposure to sedative-hypnotics showed increased risk of Alzheimer’s dementia (HR:
2.31, 95% CI: 2.06–2.59), especially subjects exposed to over 360 DDD of sedative-hypnotics
exposure (HR: 2.50, 95% CI: 2.07–3.02). The risk of Alzheimer’s dementia was also elevated in
subjects who prescribed at least one tablet of sedative-hypnotics (S3 Table). Hazard ratios of
subjects who exposed 1 to 29 DDD, 30 to 179 DDD, 180 to 359 DDD and over 360 DDD were
1.54 (95% CI: 1.50–1.58), 1.92 (95% CI: 1.83–2.01), 1.89 (95% CI: 1.71–2.10), and 2.12 (95%
CI: 1.89–2.36) respectively compared to never users.
Discussion
In our retrospective cohort study from the National Health Insurance Database of Korea with
a mean follow-up period of 10.97 years, the risk of Alzheimer’s dementia was significantly
associated with sedative-hypnotics use regardless of prescribed dosage, drug type, or half-life
of benzodiazepine.
We excluded subjects who were prescribed any sedative-hypnotics before 2004, which led
to approximately 55% of the total subjects remaining. This may also provide evidence that the
prevalence of prescription of sedative-hypnotics was high at approximately 45% for the Korean
population over 50 years old who were prescribed at least one sedative-hypnotic.
In previous studies, the association between benzodiazepines or Z-drugs (GABAA receptor
agonists) and the risk of dementia has been reported, and our findings support these results
[18–27]. A meta-analysis including six studies reported that benzodiazepine users showed
increased risk of dementia compared to never-users (RR: 1.49, 95% CI: 1.30–1.72) [27].
Although our study did not show typical dose-response relationships after adjusting psychiat-
ric disorders, the risk was elevated dose-dependently in the other model adjusted for other
comorbities and it was markedly high in high dosage group who were exposed to over 360
DDD of sedative-hypnotics in all model. This aspect was also shown in other previous studies
[20, 22, 24, 25]. There have been few studies about the association between the risk of Alzhei-
mer’s dementia and antidepressant or antipsychotics. A meta-analysis on the association
between antidepressant and Alzheimer’s disease was conducted in 2017 and included 5 studies.
It reported that use of antidepressants was associated with increased risk of Alzheimer’s disease
(OR: 2.17, 95% CI: 1.41–3.33) [41], which is consistent with the current results. On the matter
of the half-life of BZDs, the risk of Alzheimer’s dementia was elevated regardless of half-life
and it was higher in the exposed to longer-acting BZDs. These results were consistent with
other previous studies which had done the analysis classified by half-life [24, 25].
We also conducted the sensitivity analyses with subjects with diagnostic code of insomnia
to rule out the possibility that the observed association was due to insomnia as an early mani-
festation of Alzheimer’s dementia. The strengths of risk were somewhat higher than in the
main analysis and the results showed similar trends to the main analysis except for antidepres-
sants or antipsychotics. A study using Taiwan’s National Health Insurance Database restricted
analysis to subjects with insomnia [25], which was similar design with our sensitivity analysis.
In their results, the risk of dementia was elevated with more than 30 DDD of hypnotics expo-
sure (HR: 2.34, 95% CI: 1.92–2.85), while our corresponding results showed HR of 2.22 (95%
CI: 1.97–2.51).
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The mechanism of how sedative-hypnotics could increase the risk of Alzheimer’s dementia
is still unclear. Pariente [42] hypothesized that as benzodiazepines lower brain activity, the
patients’ capacity to neurally compensate and have a cognitive reserve could be limited, thus
precipitating dementia. Otherwise, patients with lesions of dementia without any symptoms
have increased risk of becoming symptomatic with benzodiazepines because astrocytes in
amyloid plaques have GABA-secreting activity. Another possible explanation is reverse causal-
ity and that insomnia could be a prodromal symptom of Alzheimer’s disease [29, 30]. How-
ever, in our study, we set a 5-year lag period between sedative-hypnotic exposure and
diagnosis of the disease to rule out reverse causality.
In our study, we had several strengths compared to previous studies. First, our study popu-
lation comprised 268,170 subjects, which was a large enough sample to secure statistical
power. Second, we used nationally representative data so that it could represent the general
population of people over 50 years old in Korea. In addition, the development of Alzheimer’s
dementia takes a long time [31], and our study had a maximum of 12 years and an average of
10.97 years of follow-up period, which is sufficient time to develop Alzheimer’s dementia after
exposure to sedative-hypnotics. Third, the other previous studies only targeted hypnotics spe-
cific to benzodiazepine or Z-drugs that target GABA receptors. Our study covers GABAA
receptor agonists as well as antidepressants and low-dose antipsychotics, and we calculated the
risk of each drug exposure separately. Furthermore, we categorized sedative-hypnotics in this
way so that it is possible to compare the risks of Alzheimer’s dementia by each drug. To our
knowledge, this spectrum of sedative-hypnotics has not yet been studied. Lastly, time-depen-
dent modelling used in this analysis could statistically control for immortal time bias and
length bias.
However, there were also limitations in our study. Although we set a 5-year lag period
after the time when exposed over 30 DDD of sedative-hypnotics, the possibility of reverse
causality could not be totally excluded. Because the prodromal symptoms of dementia can
occur more than 10 years before symptomatic dementia, studies with longer lag periods
than ours are needed [29, 31]. Other limitations arose from the characteristics of insur-
ance claim data. The NHIS database we used did not include lifestyle factors such as
smoking and alcohol consumption, so these possible confounding factors could not be
considered in our study. In addition, we did not have the results of diagnostic evaluations
on Alzheimer’s dementia such as mental status examination. Also, defining Alzheimer’s
dementia with a single diagnosis code could overestimate the prevalence. Therefore, the
validity of this study’s definition of Alzheimer’s dementia might be challenged. However,
the potential misclassification of Alzheimer’s dementia, unlikely differed by prescription
of sedative-hypnotics, could make the results move toward null. Also we found that the
incidence rate of Alzheimer’s dementia in our study was 8.74 per 1,000 person-years,
which was similar to a previous study conducted in Korea (overall incidence: 7.1 per 1,000
person-years, 95% CI: 5.2–9.7) [43]. Another limitation was that prescription of drugs was
different from administration of drugs this may have overestimated the exposure to seda-
tive-hypnotics. This was an inevitable limitation when using claim data without the infor-
mation about actual drug administration. Lastly, each patient’s indication for sedative-
hypnotics was uncertain. For example, if patients were prescribed benzodiazepines with
diagnostic codes of both insomnia and anxiety disorders, the reason that patients were
prescribed benzodiazepines could not be determined. For this reason, we did the sensitiv-
ity analysis with exposure limited to insomnia, but such a limitation could not be totally
excluded.
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Conclusion
The risk of Alzheimer’s dementia was elevated when exposed to sedative-hypnotics regardless
of drug types in Korean patients 50 years old or older; therefore, sedative-hypnotics need to be
prescribed with caution. However, other confounding factors such as smoking status and alco-
hol consumption could not be controlled in our study. A more precise result could be obtained
when controlling for all possible confounding factors, indicating that a prospective cohort
study that can control for all possible factors needs to be conducted.
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